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Abstract
The research examines methodological aspects of the phenomenon of change blindness. It studies the role of stimuli parameters in relation to
change search in visual problem solving. The following parameters of visual stimuli were modified within the experiment: number of objects,
stimuli spatial location , shape of objects, inclusion of new objects, which attract attention as well as various types of changes related to a 
single object, particularly appearance/disappearance, shift, and change of color and shape. The results showed that search time depends on the
number of objects, nature of their spatial position (structured or random) and type of change (the most difficult type of change was the change
of color). Therefore, the use of proven visual patterns with varying degree of complexity allows for testing a wide range of hypotheses related
to the role of psychological mechanisms of spatial attention.
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Introduction 
- persistent failure of noticing a change in a presented scene due 
to a brief interruption of visual image caused by the inability to pay attention to these changes [1]. 
Nowadays, researchers generally use variety of stimuli; these mainly include complex visual scenes [1], [2], 
[3], [4]. There is only a small number of studies using a simple material stimulus [5]. The following types of 
changes are the most common ones: appearance, disappearance, color shift or change of one of the objects (e.g.: 
[6]). 
 A systematic study examining the role of psychological processes regarding attention and memory 
manifesting itself in a form of this phenomenon is difficult, because different authors use different patterns of 
stimuli. Therefore, we suggest to create a more standardized material stimuli, which would allow researchers to 
conduct studies  examining the severity of CB and its major stimulus variables and test hypotheses about the 
influence of working memory and spatial attention (e.g.: [4]). 
Research hypotheses 
The first hypothesis of our study was that the degree of "change blindness" depends on the physical 
characteristics of visual patterns such as the number and spatial arrangement of objects (simple shapes) that make 
up the particular pattern, their shape, presence or absence of distracting stimuli and duration of interstimulating 
material. The second hypothesis was that types of changes occurring within the visual scene (appearance or 
disappearance of an object, its color change and spatial or stimuli pattern shift) affect the degree of severity of 
"change blindness".  
1. Methods 
1.1. Participants. Sixty individuals aged 14 to 35 years (Mage = 21 years) participated in the study. These 
included 37 female and 23 male participants with normal or corrected to normal vision. 
1.2. Stimuli and equipment. A stimulus material emphasizing visual attention and memory accounting for a 
severe phenomenon of CB was presented. Six stimulus patterns consisted of a few simple shapes - squares, 
triangles, circles, stars, diamonds or their composition. Image was in one case positioned into a symmetrical 
structure with respect to the image center and in the other case into random order (see http://psychosoft.ru). Four 
stimuli (1, 2, 5 and 6) included 5 simple shapes of different colors; two stimuli (3 and 4) included 20 pieces. In 
addition, one of the stimuli (6) - the square - has been replaced with the word "home." Size of the square on a 17-
inch monitor screen (as well as maximum size of th 12 mm. 
Choice of color stimuli was based on a standard palette of 256 colors. Color stimuli with five squares were 
yellow, green, blue, brown and red. The same colors and 15 more (for each of the three colors) were used for 
stimuli with 20 squares. In terms of primary color brightness, the closest matches were selected using colors that 
had a different color tone than the primary ones. The difference consisted of approximately equal intervals. 
Every stimuli was presented with three types of changes - appearance/disappearance, color change and shift of 
one of the objects (see http://psychosoft.ru). Each type included five options for change to one of five different 
objects. Placement of objects was modified in a control group   so it was closer to the center and periphery. The 
degree of color change difference was controlled via the tone of the color in the original and modified objects as 
"little difference", "average difference", "big difference." Researchers controlled shift direction either towards the 
center or periphery. 
Using the flicker paradigm [1], change within the image was presented during the interstimulation interval 
accompanied with a gray background. One sample cycle consisted of a sequential presentation of the original 
image followed with interstimulation interval including analtered image and interstimulation interval (See Fig. 1). 
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The duration of one sample cycle was 1200 ms., the duration of interstimulation interval was increased to 400 ms 
to assess its effect in one of the series (5 squares arranged symmetrically). The experimental design was 
developed in software StimMake (authors: A. Gusev, A. Kremlev). 
Stimulus was presented on whole screen 17-inch LCD PC monitor. The distance from subject's eyes to the 
screen was 60 cm during the cycle of stimuli presentation. The presentation was repeated until participants 
search time of changes were 
recorded.  
 
Fig. 1. Time sequence of a presented image cycle in the sample. 
 
1.3. Procedure. Participants were informed that they are involved in a visual attention research with a 
goal to find changing items in a sequential presentation of two images on the screen as quickly as possible. They 
study and hold it for one second. After that the presentation of samples stopped and the monitor started 
displaying images for the real study. Participants were subsequently asked to provide a verbal report about 
changes they saw on the screen and their specific location. Obtained data were processed by a computer program 
StimMake calculating the search time of changes for each sample while evaluating the correctness of the 
answers. Statistical analysis was performed in the program IBM SPSS Statistic, version 19.0. 
2. Results 
2.1. Search time of various stimuli patterns. 
The results showed that the simplest change to be found for participants was appearance or 
disappearance of objects in a matrix with five symmetrically arranged objects. The most difficult change to be 
found was the change of color in an image with twenty randomly arranged objects (see Table 3). Average values 
of search time changes in stimuli with squares arranged symmetrically and asymmetrically didn`t significantly 
differ for both stimuli consisting of five (t = 0.85 (19), p = 0.41) and twenty squares (t = 1.19 (19), p = 0.25). 
Comparison of changes in stimuli with five and twenty squares showed a statistically significant difference for 
both symmetric (t = 7.87 (19), p < 0.001) and asymmetric (t = 7.46 (19), p < 0.001) location: increasing number 
of stimuli from five to twenty resulted in increased search time that almost doubled (see Table 1). 
Researchers also found that the search time for stimuli consisting of various symmetrically arranged geometric 
shapes was significantly smaller  than for stimuli only consisting of squares (t = 3.34 (19), p = 0.003). 
Replacement of one of the squares on the word "home" did not significantly increase the average time for 
finding all types of changes (t = 0.52 (19), p = 0.61). 
Increased interstimulation interval from 200 to 400 ms led to changes in search time that decreased by 20%. 
This difference was statistically significant (t = 2.52 (19), p = 0.02). 
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Table 1. Average  search time depending on the number of objects and their locations.
Type of stimuli Average searchtime, cycles
5 geometric shapes arranged symmetrically 2.39
4 squares and words, arranged symmetrically 2.54
5 squares arranged symmetrically 2.61
5 squares arranged randomly 2.66
5 squares arranged symmetrically, ISI - 400 ms 3.11
20 squares arranged symmetrically 5.01
20 squares arranged randomly 5.31
Therefore, we can conclude that the most typical differences in search time were obtained within stimuli
consisting of 5 and 20 squares. Further analysis thus focuses on these stimuli.
2.2. Type of changes and their influence on search.
Images of various factor structuring (symmetrical or asymmetrical arrangement of squares) had no effect on
search in relation to two types of changes. Results for patterns consisting of 5 and 20 squares were t = -1.34 (58),
p = 0.186; t = 0.291 (58), p = 0.772, respectively. Similar results were obtained by changing color: t = 0.297 (58), 
p = 0.767 (5 squares), t = -0.796 (37), p = 0.431 (20 squares).
However, this factor had a significant impact on a shift of 20 objects (t = 4.786 (57), p < 0.001). The
difference was quasi-significant for stimuli consisting of 5 items, (t = 1.781 (58), p < 0.080). In both cases search
for the shift of the square was longer due to their random distribution compared to the symmetric arrangement 
(respectively, greater on 1.121 and 0.166 cycles).
Fig. 2 shows the dependence of search time on the type of change of symmetrically located squares. The most
difficult task was to find out the color change of the square. Regarding stimuli consisting of both 5 and 20
squares, the effect was statistically significant (F(2, 116) = 28,55, p < 0,001, F(2,90) = 27.25, p < 0.001,
respectively).
Fig. 2. Dependence of search time on types of changes according to the number of objects. Solid line represents stimuli of 20
squares, dotted line represents stimuli of 5 squares.
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Differences of search times regarding changes related to appearance/disappearance and square displacement 
were significant for stimuli consisting of 5 squares (t = - 4.445 (58), p < 0.001). The same differences for stimuli 
consisting of 20 squares were not significant (t = 0.162 (58), p = 0.872). 
3. Main conclusions 
3.1. The number of objects in images affects the severity of "change blindness" and it is the most important 
factor. 
3.2. The shape of objects in images is not critical for search time. 
3.3. Changes in images with symmetrical arrangement of objects (i.e. clear structure in visual pattern) are 
detected faster than changes in images with random arrangement. 
3.4. Distractions (word) have no significant effect on detection of changes. 
3.5. Increased interstimulation interval from 200 ms to 400 ms prolongs search time. 
3.6. Detecting color change requires more time than detecting changes of location, appearance or 
disappearance. 
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